Introduction
The earliest known step in the series of interactions between the ovum and the endometrium which leads to implantation is increased vascular permeability in uterine areas surrounding the blastocysts. This increase leads to an accelerated passage of plasma proteins into the extravascular tissues, and has been considered essential for decidual cell formation (Psychoyos, 1973) . In the hamster, increased vascular permeability, as determined by the localized accumulation of a macromolecular dye from the circulation, occurs on the evening of Day 4 of pregnancy (Orsini, 1963) , [15] [16] [17] [18] [19] [20] h before morphological signs of trophoblastic invasion.
The nature and origin of the signal(s) which initiate implantation and decidual cell formation are uncertain. Histamine has been proposed as a mediator (Shelesnyak, 1954) , but its role still remains controversial (Humphrey & Martin, 1968; Psychoyos, 1973) . More recently, it was suggested that oestrogen of blastocyst origin may be involved (Dickmann, Dey & Sen Gupta, 1976 ), but there is no conclusive evidence for mouse blastocyst steroidogenesis (Sherman & Atienza, 1977) . Prostaglandins have been proposed as mediators of the uterine vascular response during the initiation of implantation in rats (Kennedy, 1977) . Indomethacin, an inhibitor of prostaglandin synthesis (Flower, 1974) , delays the appearance of this vascular response (Kennedy, 1977) and inhibits decidualization (Sananes, Baulieu & LeGoascogne, 1976; Tobert, 1976) in rats. Prostaglandin levels were elevated in uterine areas of increased permeability (Kennedy, 1977) , and, when instilled in the uterine lumen of pre¬ pubertà! rats treated with progesterone, prostaglandin (PG) F-2a induced a decidual response (Sananes et al, 1976) . Prostaglandins have also been proposed as mediators of increased vascular permeability occurring during the inflammatory response (Crunkhorn & Willis, 1971 ;  Williams & Morley, 1973 ). The present investigation tested the hypothesis that increases in endometrial vascular permeability preceding ovum implantation in the hamster are mediated by prostaglandins. Indomethacin and meclofenamic acid, inhibitors of PG synthesis (Flower, 1974 ; Ferreira, Flower, Moneada & Vane, 1975) , were administered subcutaneously at 05:00,10:00 and 15:00 h on Day 4 in 0-2 ml sesame oil in the amounts indicated in the 'Results' ; control animals received an equal volume of oil.
The effects of these inhibitors were also examined in some hamsters which were bilaterally ovariectomized under ether anaesthesia on Day 3 of pregnancy. Uterine responsiveness to ovum implantation was maintained in these animals by giving 4 mg progesterone subcutaneously on Days 3 and 4 of pregnancy (Harper, Dowd 8c Elliott, 1969 Udaka, Takeuchi & Movat (1970) and in plasma by that described by Allen, Ochoa, Roth & Gregersen(1953 Abraham, Swerdloff, Tulchinsky & Odell (1971) . An antiserum to progesterone-1 la-bovine serum albumin with a cross-reactivity of 9-2% for 5ß-pregnane-3,20-dione, 8-6% for 5ot-pregnane-3,20-dione, 2-6% for 5ot-pregnan-3ß-ol-20-one, 1-6% for preg-4-en-20ß-ol-3-one, 1-5% for preg-4-en-20a-ol-3-one and 10% for 5a-pregnan-3a-ol-20-one was used for the assay. Cross-reactivity for an additional 20 steroids was less than 1 %. All samples were assayed at the same time with an intra-assay coefficient of variation of 4% (n = 25), and a sensitivity of 25 pg.
Uterine prostaglandins. At autopsy the uteri were removed and placed for at least 2 min in an icecold bath of 0-9% NaCl containing 20 µg indomethacin/ml. They were then cleaned of extraneous tissue and Evans Blue sites were separated from non-blue areas with a scalpel blade. All tissue was cut to about equal lengths so that trauma was approximately equal for the two groups of pooled tissues. Each pool was weighed to the nearest 0-1 mg, placed in 1 ml ice-cold ethanol and stored at -20=C until all samples were collected. The samples were homogenized in ice-cold ethanol and assayed for PGE and PGF as described by Behrman (1971) The uterine Evans Blue response and plasma progesterone concentrations were examined in hamsters receiving oil or 0-2, 0-4, 0-6, or 0-8 mg indomethacin/100 g body weight at 05:00, 10:00 and 15:00 h on Day 4, and killed at 21.00 h that day, 30 min after injection of Evans Blue. There was a significant decrease (P < 005, 2 test) in the proportion of uteri with Evans Blue sites following treat¬ ment with the 0-8 mg dose (3/9) than in those of control hamsters (6/6), but the plasma progesterone concentration did not change (22-9 ± 4-6 ng/ml and 19-6 ± 1-8 ng/ml, respectively Uterine PG concentrations were measured at 21:00 h on Day 4 in 7 intact, untreated hamsters which had 10-6 ± 0-5 Evans Blue sites/uterus. The concentration of PGE was significantly higher (P < 001, paired t test) in Evans Blue sites (8-4 ±0-8 pg/mg) than in non-blue areas (4-8 ± 0-4 pg/mg), while the concentration of PGF did not differ (4-6 ± 0-4 and 3-9 ± 0-5 pg/mg, respectively). (11-4 ± 10 and 120 ± 0-5, respectively). However, the treatment was associated with a significant decrease (P < 005, / test) in the mean weight of these areas (12-0 ± 0-7 mg versus 14-2 ± 0-4 mg for controls).
Longer-term effects were examined in hamsters treated with oil or indomethacin on Day 4, as before, and killed at 13:00 h on Day 7 or Day 10 of pregnancy. Although the proportions of hamsters with implantation swellings were not affected, the numbers and weights of implantation swellings were significantly decreased in the indomethacin-treated animals (Table 3) . Fetuses taken from indomethacin-treated animals on Day 10 appeared smaller and less developed, as determined by limb differentiation and the appearance of eyes, than fetuses taken from controls. Indomethacin treatment on Day 4 had no effect on the proportion of hamsters giving birth on Day 16 (6/8 compared to 7/8 in controls), but significantly decreased ( < 0001, / test) the number of young born (5-3 ± 0-3 compared with 13-7 + 0-4 in controls), and delayed ( < 0001, /test) the time of parturition on Day 16(16:15 ± 00:54 h compared with 07:54 ± 00:45 h in controls). There were no signs of résorption in the animals that did not give birth. Proportion pregnant 6/9 7/9 8/9 7/9 Total no. of swellings/hamster 14-7 + 0-6 8-9+1-3** 14-9+ 0-6 ll-0± 1-4* Wt of swelling/hamster 94-8 ± 2-7 67-7 ± 50** 434-4+19-3
232-3 ± 19-3** Viable swellings Number 14-1 ± 0-6 51 ± 0-8**· Weight (mg) 450-6 ±16-6 367-8 ±22-4** Non-viable swellings Number 0-7 ± 0-2 5-9 ± II*** Weight (mg) 128-7 ±191
102-7+ 7-9
Values are mean + s.e.m. for those animals pregnant.
Values significantly different compared with respective control : *P < 0-02, **/· < 001, ***p < 0001. (Kennedy, 1977 Castracane, Saksena & Shaikh (1974) reported that indomethacin inhibits the decidual cell reaction in pseudopregnant rats but this action may have been secondary to inhibition of endo¬ metrial vascular permeability. Indomethacin treatment delays implantation in the rat (Kennedy, 1977) and the results of the present experiments showing the delayed onset of the uterine Evans Blue response, the decreased size of implantation swellings, the smaller and less developed Day-10 fetuses, and the prolonged gestation period all suggest that indomethacin treatment delays implantation in the hamster. However, indomethacin also reduced litter size, and although a decrease in total fetal mass increases the gestation period in mice (McLaren, 1967) , the delays in parturition and in the uterine Evans Blue response are of the same order, so it seems likely that decreased litter size contributed little to the prolonged gestation period.
The possibility that indomethacin was toxic to Day-4 hamster blastocysts cannot be ruled out, although indomethacin treatment does not influence viability in rabbits (Hoffman, 1977) or in rats (Kennedy, 1977) . The reduction in litter size and number of implantation swellings in hamsters may result rather from a poor embryonic capacity to endure a delay in implantation. Weitlauf (1971) suggested that the inability of hamster embryos to reduce their metabolism, unlike mouse embryos, following ovariectomy, may explain why hamster embryos rapidly degenerate while mouse embryos remain viable for prolonged periods. In the present experiments, embryos in indomethacin-treated animals were older at the time implantation was initiated, and some embryos may exhaust their nutritive supply before implantation is complete.
Since progesterone is essential for implantation in the hamster (Prasad, Orsini & Meyer, 4960) , Kennedy (1977) for rats. As in the rat (Kennedy, 1977) (Kuehl et al, 1977) . The principal metabolite of PGI-2, 6-keto-PGF-la, is synthesized in 10-20 times greater amounts than PGE by homogenates of pseudopregnant rat uteri (Fenwick, Jones, Naylor, Poyser & Wilson, 1977) . Therefore, PGI-2 may be the principal mediator of the uterine Evans Blue response, although at present its effects on vascular permeability are unknown.
The source and site(s) of action of the PGs involved in the Evans Blue response are unknown. Prostaglandin synthesis may occur in the endometrium, and/or in the blastocyst. Tissue insult is a potent stimulus for PG synthesis (Piper & Vane, 1971) ; blastocyst attachment or the uterine distension which follows the intraluminal instillation of deciduogenic substances may provide sufficient insult to act as stimuli for synthesis. Rabbit blastocysts contain PGE and PGF (Dickmann & Spilman, 1975) and PGs might therefore diffuse from the blastocyst to increase vascular permeability, or play a role in blastocyst steroidogenesis as proposed by Dickmann et al. (1976) . Finally, blastocyst oestrogen production may initiate implantation by promoting the local uterine synthesis of PGs because oestrogen is known to stimulate uterine PGF production (Saksena & Harper, 1972) .
